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SWAMARY

An analytical investigaetion has ‘been made to determine the
relative performence of large taillless and conventional alrplanes.
Tnasmuch as there has been a.great deal of interest in tall-boom-
type airplenes-having only a wing, booms, and tails, thils type of
alrplane has aleo been included in the performance comparison.

In the analysis certain assumptions were made regarding weight,
drag, and stability which have not been wholly confirmed. The
. findings must therefore be considered as tentative pénding confirma-
tion by additional research.. The principal conclysion drgim from
this enalysis was that large all-wing tailless ajrplanes mey have
better performance characteristice than their equivalent conventional
alrplane or tail-<boom ailrplanes for certain types of missions.

INTRODUCTION

Tn recent years much interest has been shown in ell-wing tailless
airplanes because it has been believed that this type might have
considerably better performsnce then conventionel airplenes heving
a normal fuselage and tails. Some research has been conducted on
the problem of providing satisfactory stability and control for
tailless airplanes. The results of this research as summarized
in reference 1 have indicated that the flying quallties of tailless
airplenes might be made satisfactory. Before continuing the
studies of the flying qualities of tailless ajrplanes, however, 1t
appeared to be desirable to determine whether this typs of airplane
offers any real adventage in performance over the conventiomnal type.
A generalized performance camparison of tallless and conventional
airplanes has been mede, therefore, in sn effort to determine the
relative performence of these two types of airplames. This aenalyels
considered only performance and did not include special considerations
such as reduction of troubles dus to compressibillty at high speeds
or facility of loading the airplanes.
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It was realized that tailless airplanes could not be expected
to show an apprecilable advantage over the conventional-type airplane
unless the tailless airplane wag large enpugh to carry all its load
within the' wing and thus eliminate the vhole fuselage. A direct
camparison of the all-wing tallless-type airplane with the conventional-
type airplene, however, is generally difficult Yecause in order for
the teilless airplane, to .haye the geme landing speed as that of a
conventional airplene & loWer wing loading is required. This differ-
ence in wing loading of the two types, caused by the absence of the
tail as an efficient means of trimming the alrplane at high 1lift
coefficients, immediately suggested the tail-boom type of ailrplane.
This type might have the same wing loading as the conventional air-
plene, tall booms that are smaller and lighter .then a fuselage, and
slightly smaller. tail surfaces than the conventlonal airplane. The
tall-boom airplane, like the tallless airplane, _however, should be
large enough t6 carry all its load, within the wing if .any performance .
gain is to be expected. . .

The results of an analysis, vwhich was made o establish a
generalized comparison between conventional, tail-boom, and tailless.
airplenes and would aid in determining the deslrability of further -
research on the tail-boom and teilless types, are presented herein.
The results show the performance possibilities of the three
types and supply information that will aid a deeigner in selecting
the configurations that will give the op'bimmn performance
characteristics.

In the present investigation, calculations were made for the
three types of ailrplanes (conventional, tail boom, and taillees),
illustrative sketches of which are showr as figure 1. These
sketches do not necessarily show the airplanes for vhich the
calculations were made but merely i1llustrate the general char-
acteristics of the three types of alrplanes as- they might be
designed according to the assumptions made in the present paper.
The performsnce characteristics considered were ‘top gpeed, renge,
rate of olimb, take-off distance, and service ceiling. An analysis
was also made of the space avallable for passengers, cargo, and
bonmbs . :

The results of the calculations are presented as plots of the
performance characteristics on identical coordinates of power loading
and wing loading, thus, the optimum verformance to meet & giyen
set of requirements is very simple to choose.

———
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Porformence comparisons of the three types of airplanas were
made on several bases - equal power loading end wing loading,
equal landing speed, equal take-off distance, and a requiremesnt
gpecifying number of passengers, range, and landing speed.

SYMBOLS

A aspect ratio (b2/s)
b wing span, feet
N total. propulsive efficiency
? brake horsepower '
c . minimum specific fuel consumpﬁon
Cr, 1ift coefficient ‘-)---L-j-'-f—'-t—---)

'\ Z5(1.467V)2
Cp drag coefficient - gs——(z-nig—-——w
Cpy ?,irpla.ne profile-drag coefficiént_

chlaps drag coefficient due to flap deflection

Cpy total effective drag coefficient for talke-off ywm  ©
Cpy induced-drag coefficient .

CDM drag coefficient due to ground friction. N
CDéew drag coefficient due to landing gaar‘:

CLp 1ift coefficient at instant of take-off

D drag, pounds ' '

v * airspeed, miles per hour except where otherwise” indicated
i, lending speed, miles per hour -

Vmax top speed, miles per hour
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Vp ¢ .- teko-off -speed, ‘miles. per hour except 'where otherwise
mdicatacl .

B wing ares,, .sg_ua.re feet

Cyw wing chord, feet .

W airplens gross weight, pounds

w/e wing losding, pounds per square ‘foot E

w/fe power loading, pounds per brake horsepower -

¥ ma.ximm frontal area of fuselage; tail boom,.and nacelle,
square feet

f design load factor

Wp fuel weight, pounds -

i ground-friction coefficlen't:‘ '

T . thrust, poundse L .. ) o

) span efficiency factopr, 'ta.ke’n:as 0.86 in this analysis

(L/D)pp~ meximm 1ift-drag ratio

‘o - mass density of air, slugs per cubic Poot
Sg total tail area, square feet
R rengs, miles b
8 take-off distance, feet - ;
Vo rate of climb, feet per minute
Hg gervice ceiling, feet .
Vi indicated airspeed, miles per hour
N . m_:m?ber,.of pasgsengers

Wy bomd load, pounds
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METHODS

Description of the Airplanes

?

In order to realize™the maximm performence possibilities of t
the tail-boom or tailless airplenss, all the load should be carried
within the wing. Thé design of ons all-wing airplans indicated
that an airplape of about 10,000 brake horsepower was large enough
to be an all-wing tailless bomber and cerry all its load within the.
wing. Previous calcwlations, the results of which .are presented
in figure 2, were amalyzed to determine approximately how larges a
tail-boom or tailless airplans should be in order 1o carry passengprs
within its wing. In analyzing this chirt it was realized that, at
e given wing loading, lower power loading indicetes better performa.nce H
thus, if the power loading required for a tail-boom or tailless
airplane to carry the same nunber of passengers at about the same
wing loading as a conventional alrplane were mach greater than the
power loading of the conventional airplane, the conventional type
could. be expected to have the best performance. The analysis of
figure 2 indicated thet calculations of relative performsnce were
- warranted for airplanes with 21,000 and 42,000 brake horsepowsr,
but that airplenes with 10,300 breke horsspower were too amall to
be all-wing passenger or low-d.ensity cargo trensports. .The per-
formance calculations for these larger airplanes were consildered.
to be indicative of the relative performancée of bombers down to
10,000 brake horsepower; therefors, no performence calculations were
ma.d.e for the a.irpla.nas with 10,500 brake horsepower

)

The same total power was assumed Ffor each of the three t.ypes
of eirplanes. The 21,000-horsepower-airplanes were assumed to be
powered by six 3500 brake -horgepower engines, and the 42 OOO-horsepower
alrplanes were assumed to be powered by twelve 3500 bra.ke-horsepower
engines. The rangs of power loading covered in the present investi-
gation was from 4 to 28 pounds per brake horsepower and the range
of wing loading covered was from 20 to 100 pounds per squatre foot.

An agpeet ratio of.10 wae assumed for each of the three types
of airplanes. The other wing plan-form parameters were not
established except that the tailless airplanes incorporated soms
.. Bweep so that the dafleotion of the high-1ift flap need cause.no
changs in trim. Reasonable variation of the wing plan form would °
not be expected to affect the performance a.pprecia.’bly

The tailless airplane would probably be umable to obtain as
high a velue of maximum 1ift coefficient as the conyéntional and
tail~-boom types. The assumed vglues of maximm 1ift coefficient

e m me s s o e - e —— ———— . ~— v s e —m - —
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were 2.4t for the conventional and tail-boom airplenes and 2.0 for -
the tailless airplans. These 'values wers conaidered to be about the
maximm practicel valuss. The' flaps were assumed to be of the
balanced-split-flap type which, when deflected to small angles for
tako-off, produce ccunpa.ra.tively low drag.

It was assumed that each of the three types of alrplanes

- should have the seme directiomal sta‘bility, the sizes of the vertical

tallg were computed accordingly . The areas of thé vertical tails
of the ‘conventional airplanss, -the tail-boom airplenss, and

the ‘tailless airplans were 12, 9, and 15 percent of the wing
..aregs, réspectively. The areas of the horizontal talls of the
conventional and tail-boom airplenes were assumed to be 18 and
) percent of the wing areas, respectively

-Appendix A and refererces 2 and 3 present additional details
regexrding the assumnt:lons concerned with, the d.esign of the

. a.irpla.nes .

Calculations

The first step toward meking generalized performance calculations
for a series of airplanes, such as was required in the present
investigation, was to meke certain gsneral assumptions regarding
factors affecting the power, drag, weight, and cargo space. These
agsumptions, which are discussed in deteil in appendix 4, actually
constitute a further and more detailed description of 'bhe alrplane,
than was given in the preceding section of the text.- The Justi-
‘fication for the formulation of these gemeral assumptions 1s fully
discussed in reference &, After these basic assumptions were
esta.'blished. the performence calculations wers made in a conventional
manner for a systematic series of airpleanes of various sizes. A
detalled description of the methods employed is given in appendix B.

. The performance characteristics-of the various types of alrplenes .

were then plotted as functions of power loading and wing loading.
This system of presentation of the data and the use of the charts

ere discussed in a.ppend.ix c.

Provious investigations for convgntional airplanes,including -
comparisons of calculatdd performance chardctéristics with those
measured in £1izht, have indicated that all the calculated cheracter-
istics, except rarigs, are probably accurate within -2 or 3 percent.
Because of the great effect of structural weight on rangs, small
errors .in estima.tmg the structural weight may cause appreciable
error in the range computa.tion. ‘For instance, & 5-percent change
in structural weigh*b may alter the computed range by 10 percent.
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Experience has shown that the structural weights for conventional
airplanes can be estimated with & fair degree of accuracy. The
assumed relative structural weights of the . three types of airplanes
are believed to be gquite logical, and the results of the range
calculstions are believed to be qualitetively correct in all cases.
Nevertheless, the range calculations for the tail-boom and tallless
airplanes were repeated for alrplenss having 30 and 110 percent of
tho eastimated structural woight in ordsr that the offects of such
variations in structural weight might be interpreted.

I+ should be pointed out that the calculated performance character-
1gtice of those airplanes may not be directly comparable to those of
soms present-day eirplancg. This fact is-true partly because the
drag.end particularly the welght estimates used in the present.
calculations are fairly congervative and partly because of differ-
ences in design load factor, . .

"RESULTS AND DISCUSSION |

General Performance Compardson

The results of the performsnce calculations ere presented in
Pigures 3 to 6 as generalized performance selecticn charts which
give the performance characteristics of each of the three types
of airplanss at each combination of power loading end wing loading.
The charts are plotted on identical coordinates of powsr loading
and wing loading and may be superimposed to get*a general comperison
of the three types of airplenes over e large range of power loeding
and wing loading. Figures 4 and 6 are composite selection charts
Presenting a direct comperison of the top speed, range, and take-off
distance for the conventionel, teil-boom,and tailless airplanes.
These figures were evolved from the date from figures 3 and 5 in
order to facilitate the selection of the proper power loading and
wing loading to glve the optimum performance. .

The selection charts (figs. 3 to 6) show that, at the samg
values of power loading and wing loeding, the performemnce of the
tallless airplanes will be definitely superior to elther of ths-
other two types and that the tail-boom airplanes will have slightly
better performance than conventional airplanes. The difference in
top speed and range among the three types of airplanss is appreciable.
The vop speeds of the tail-boom alrplenss were of the order of
5 miles per hour faster than those of the conventional airplanes;
vhereas the top spseds of the tailless airplanes varied from aboubt
25 to 40 miles per hour faster than the speeds for thé conventional
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airplanes. The ranges of the tail-boom and tailless airplanes

were 150 to 800 miles and 900 to 2000 miles greater, respectively,

than the range of the conventional ailrplanes. Iittle or no

difference, however, exlsted among the.service ceiling, take-off
disteance, and rate of clinb of the throe types of airplenss. The
service ceiling and take-off digtance are primarily functions of

power loading and wing loading, and the rate of climb at low altitudes
and at the speed corresponding to the maximum lift-drag ratio is almost

entirely a funct;lon of power loading.

It appears that 'hhe ’eail-‘boom airplenss will: ‘have a emall
mergin of performence over the comventional airplanes and: that the
tailless airplanss will be definitely superior to each of- the
other types. . A .direct comparison of the gelection’ oharts s hovwever,
neglects several features which are very importent in a comparison
of the three types of airplanes. TFor instance, such & comparison
does not show the relative performance if certain landing-speed
requirements are met, nor dges tlie ‘comparison indicate whether the
alrplanss will have sufficient space to carry their pay load in
the form of passengsrs or low-density cergo. ."A comparison of the
alrplanes is therefore made based on consideration of several
parameters vhich are of concern to the airplane designer or operator.

Performance Veriations with Structural Weight,
Landing Speed, a.nﬂ. Teke-0ff Distance

. The struc’cura.l wolght of the airplanes dces not affect any of
the performance characteristics except the range. The variation
of range with structural weight for the tail-boom and tailless
airplanes is sghown in figure T as rangs selection charts calculated
for the airplemes at 90 and 110 percent of the estimated structural
weight. The results shown in figure 7 are presented more simply
in figure 8. The rangs varies inversely with structural weight and,
for small changes in structural weight, the variation is almost
rectilinear. The range ‘data may therefore be extrapolated to cover
airplanes having structural weights slightly greater or less than .
those used in these calculations. In order to determine exactly
the effect of variations of. structural weight, cross plots of the
date from the range selection charts may be made similer to those

- of figure 8. Figure 8 shows.that a l-percent reduction in structural
weight may mcrease the range of these alrplanes from 50 to 100 miles.

A compa.rison of the.performance characteristics of conventional,
tail-boom, end tailless airplenss heving the same landing speed -
is not readily apparent from examination of the selection charts
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because of the lower maximum 1ift coefficient which the tailless
alrplane -may.be expected to obtain. Figure 9 waes thereforse. prepared
to illustrate the relative performamnce of the- three types over a
range of landing speed. The date presented in figure 9are quanti-

. tatively correct only for a power loading.of 1k, but the comparison
of the three types of airplanes is qualitatively correct at any
power loading. The performsnce margin of the tail-boom ailrplanss
over the conventionsal airplanes is the same as -that obtained by a .-
comperison on & basis of equal power loading and wing loading,
because the meximm 1ift coefficieht of the two types is equal,

The tailless airplanss, again, ‘are superior to either of the other’
two alrplans types, but the margin of superiority is somewhat less
-than that obtained wheh the comparison was based on equal pbwer
loading and wing loading for each of the “thrde airplane types.
Although this comparison doés not show the top speed of the tailless
airplanes to be so much greater than the conventional airplans as

a brief exsmination of the selection charts might indicate, soms
improvemsnt in the performence is geinéd by a shorter take~off rum.

In order to -illustrate the coinparison of the other performence
characteristics of the airplanes for equal take-off distance,
figure 10 was prepared so that & performance comparison could be
made for a range of take-off distances. Figure 10 was constructed
by cross-plotting the date from the selection charts-for a power
loading of 1k and is directly appligable only for this. power loading.
Similar cherts, however, could be preparéd for comparison on any
basis. The date presented in figure 10 indicate that the tail-
boom airplane has a small adventage in performance over the conventional
airplane when their take-off.distances are the same. Similarly, the
tailless airplane is shown.to be definitely superior to either of
the other airplane types except that the landing spesd, as indicated
by the wing loading, would be higher.

Pe_rforma.nce Comparison Based on an
Arbitrary Design Specification

The most logical comparison of the performance of conventional,
tail-boom, and tailléss eirplanes should be based on a design - :
specification similar ‘to that which confronts an airplans designer
when he commences the design of-the new airplane. A design specifi-
cation was set up which gave the number of pasgengers-or weight of
bombs to be carried for e given range by an airplene having & given -
landing speed. -A comparison was mide of the conventional, teil-
boom, and tailless airplhnes, consistent with the specifications ° -
and’ having the highest possible performance (top speed, take-off
distance, rate of climb, apd service ceiling).
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’

Before the proposed comparison could be made, it was necessary
to prepare. an additional selection .chart to determine the load-
carrying capacity of the various airplanes. These charte considered
both 'the ‘space available for the pay load and weilght of the pay .
load for a given range.. Such charts are presented in figure 11 and
show the number of passengers or amount df bhomb load that can be’
carried for a given renge. The charts .are made up- by using the
space charts of figure 2 and an interpretation of- the range charte
vhere the disposable load not required to obtain.the glven .range g -
assigned as pay load. The curved (left) part of the l"nee of :
constant load. represents the region in vhich the pay load of the '
airplene is limited by its weight-varrying capacity,. 'and the .
straight (right) part of the lines represents the region in vhich
the pi:y' load of 'bhe airplane is 1limited by the space ava.ila.ble for.
that oad. -

-The- selection cha.rts of figures 3, 5, and ll wore used 'bo
determine the performance characteristics of the best possi‘ble
airplane designed to meet the following speciﬁcatione FPor Yoth -
‘the 42 000- and. 21,000-horaspover, airplanes:? .

Lending .
speed Range . _ Load
(mph) (miles) .

] 70- ~.1 3000; 5000 i?assangers
. T 100 3000; 5000 | Passengers
' -100 . 56000 Bombs

. . - .
N “ ., .. .

L

The' pérformance characteristics of the-alrplanes selected as
having the ‘best performance consistent with a specified landing .
speed. and rsnfe are presented in figure 12 as functions of the -
load-carrying capaci'by (pa.saengers or hombs).

Exemination of figure 12 shows that the tailless alrplanes
had the best performence of the three airplanes types for all the
conditions investigated excépt for the examples involving passenger
transports having 100-mile-per-hour landing speed and "3000-mile
range. For thle case the conven'bional airplanes were found to
have the best perfomance.

'bhree 'l:;'pes of‘airplanes were a.lso compa.red on the basis
of the gems arbitrary design specification bub.with assumed values
) of maxinnnn 1ift coefficient. of 2.0-for. the .convéntional and. tail-’ooom

R . SR e
-
-
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airplenes and 1.kt for the tailless airplanes. . The results of this
comparisoh ave ndf! bresented ‘tut thby.were aimila.r to :the ‘results .

shown 1in Figure .12 except that . thé’ amergin 'of supeviority‘ of thez o
tailless a.irpla,nes in mos"b cases vas aiminished. . ,_.» '

. ‘ "t
A .

The reason ’Ehe tailless a:lrplane has ‘the best performance for
some tasks whereas the cohventional airplane ha.s the best performsnce ., ..
for others may be ascertairned from figurs 11’ 1F it is recognized : , - a-
that (1) at a given wing loading, lower power loading means better
performance and (2) the difference in wing loading of the airplanes
required to give the same landing speed 1s relatively emall. At
low lending speeds (that is, low wing loading) the power loading
required to have an airplane large enough to carry & glven number
of paesengers is limited by the weight-carrying capacity. of -:bhe, .
alrplare; whereas. at high lending speeds (that is, high wing. 1oa,d,ing)
the pover loading vequired 1s limited by the spece available.for . - »
pay load. Because of the lower structural weight, the tailless.
alrplenes may have .lower power loedings and carry -the same weight, ;
and hence have the- best verformance vhen weight-carrying capaci‘!;y; - sepnel
‘1s the limiting factor ag it is at low wing loadings, Similerly, . ..-fy.
because of the greater cargo space availahle, the conventional )
air‘planes jave the lower power.loadings and betier performance ~hen- -
cargo” dpade .18 thev limiting factor .as 1} is at high wing. 1oad.inge-. T
At moderats wing loadlngs, of course, elther type of airplané might -
have the better performance depending upon the design range

Tt 15 interesting to note that the tail-‘boom .airplenes ‘have_ .
the limitetions which caused the conventional or tailless airplanss
each to be the poorer in & given Yeglon. That is, the structural
welght of the tail-~boom ailrplene 1s very nearly the same as that of
the conventional airplane; therefore, in the low wing-loading range
vhere the weight-carrying capacity 1s the determining factor, the
performence of the tail~boom airplane is not nearly so good as that
of the tallless airplane. The cargo space of the tail-boom airplane
is the same as that of the taillless airplene; therefore, in the :
high-wing-loading range vhere cargo space ie the limiting factor,
the performance of the tail-boom alrplane, again, 1s not so good
as that of the tailless airplame.

Wone of the bombers considered in the present comparison were
small enough to be limited by the space available, therefore, the
tailless airplanes were always shoun to have much better performance
than either the tail-boom or the conventional alrplanes.

On the basis of the design specification previously discussed,
a genersl conclusion may be made regerding the relative performence
of the three types. For airplanes having 21,000 or more brake

T T T e i R e ST TN —— -
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horsepower, the sll-wing tailless ‘airplane will have the best -
performence for carrying low-densi‘hy cargo in airplanes having low
wing losdings. At high wing loadings and for low-demsity cargo y
the tailless design will still be the best for long-range airplanes
but the conventional design will be the best for short-range
airplanes. The tail-boom-type alrplane may never be expected to
have the. best performance of the three types.

CONCLUSIONS .

A comparison of the calculated performance characteristics of
conventional, tall-boom, and all-wing tailless airplanes having
21,000 and 42,000 horsepower indicated the following conclusions:

1. Large all-wing tailless airplanes may have better perfonnancé
characteristics than their equivalent conventiomal or tail-boom ‘
airplenes, when designed as bombers or long-range transports.

. 2. Conventional sirplanes may have the best performance of the
three types of airplanes when designed. as short~-rsnge transports
with high wing loadings. .

3. Tail-boom airplamnes having only a wing, booms, smd talls do
not appear to have as good performance ag either of the other two
types for any type of misslon considered.. .

Langley Memorial Aerona.uﬁical I.a‘bora.tory
National Advisory Committee for Aeronautics
Laengley Field, Va., March 3, 1947

e - g —



NACA TN No. 1477 13
. . - APPENDIX A - --

) ASSUMPTIONS USED .II\T CA_I_.CQZ_I.'.,ATIQNS

b4 -

The basic assumntions re@rdj,ng .power, dr.a.g, weights, and
passenger or cargo space of the: three types of alrplanss (conventional,
tail boom, .and taillees are diacussed. in the following parageaphs.

Power

The 21,000-horsepower alrplanes were assumed to-be powered
by six 3500-horsapower engines driving six pairs of 15-foot diameter,
four-blade, counterrotating propellers; the k2 ,000-horsepower airplanes
wers a.ssumed. to be-powersed by. twelve 3500-horsepowsr engines driving -
six pairs of 15-foot diamster, elight-blads, coun‘berrotating propellers.
These engines were equipped with two-stage turbosuperchargers. and .
had a critical altitude of 50,000 feet. The power loadings giyen -
in this paper ere based on 21,000 and 42,000 horsepower per airplane.
The assumed minimum speoific fwal consumption of these engines at
various powers are given in figure 13.

- The propulsive efficiency at sea level was assuned to vary ..
with velocity as shown in figure l’-l- Cooling pover wés assumed .to-
be proportional to brake horsepower and was expressed as a red.uc'bion
in propeller efficiency. The variation of cooling power (red.uction
of propeller efficiency) with altitude is shown in figure 15.

Drag

The parasite-drag coefficient based on the effective frontal’
area of the fuselage, tail booms and nacelles is assumed to
be 0.10. This value represents the drag of carefully designed -
airplanes (in the case of bombers, all turrets retracted). Wings
on thess alrplanes have a profile-drag coefficient of about 0.0090.
The drag coefficient of the thin-airfoil tail surfaces was assumed
to be 0.0085. The total profile-drag coefficient of the airplane
is then: .

cDo 0. 0090 +,0. 0085-- + 0. 1oE

B e - ——— . - - e e —— —m -~ =
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where the total tail area end the fusélage, teil-boom, and nacelle

frontal area were assumed to be as followa: N
Brake Type of Sy, F
horsepower{ airplene S (sq £%)

21,000 | Conventiomal| 0.30 | 170

21,000 | Tail boom { . .2k | 116

o= |7 21,000 | Teilless | 5| 66

R 1|-2 000 Conventional{ 330 184

CERA h2 000 Tail boom 24 130
42,000 | Tailless 1 35 €0

4

The small changes in frontal aree with power caused so little
difference 'in the profile-drag coefficients that the curves of
relative drag coefficients of the three types' of airplanes

- {f1g."16). show the seme profile-drag cdefficients for the -
21,000-horsepower and 42,000-horsepower aimle.nes. :

It was assumed that the airplanes were s0 designed’ tha.'b their
critica.l speed was not exceeded in level flight. .

. Tne inﬂuced.-dra.g coefficient was calculated from the conventional
expression .

cL2
! cDi enA

where the aspect ratio A. was 10 and the spen efficiency factor e
was assumed to be 0.80. )

The drag coefficient duwring the take ~ofY was determined from
the expression

" Cpp = CD-O- + 'cDi * CD.P--..": chlaps: + cDgea.r

in which the effect of ground proximity on the lift and the drag of
the airplane was not ingluded.- The minimum drag coefficient during
the take-off run was assumed to be attained at a lift coefficient

of 0.28. The ground-friction coefficient 1 was assumed to be 0.020,
vhich is the value generally used in connection with conocrete runways.
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The drag coefficient of the flaps chla.ﬁs was agsumed to be 0.0051

for half-span, balanced split flaps having & chord of O. 2°°w at
20° deflection. The landing-gear drag cosfficient CD was

assumed to be equal to the profile drag of the clsan a.irplane

Weight

From studies of airplane weights the follo-:ﬁng weights wore
selected for use 1n the present investigation: .

(1) Tha_landing gear is T percent of the gross weight.

(2) Weights of the hydraulic system, surface controls, cabin
furnishings, electrical equipment, and cabin supercherging equipment
are -shown in-figure 17

(3) A crew ‘of 10 members was assumed for all airplenes. A
welght of 215 pounds was allowed for each crew member. This weight
includes oxygen equipment and other persdnal items.

(4) .The instruments and autopilot weighed 650 poumds.

(5) The weight of the communication system is assumed to
be equal to 0.003W.

(6) Wing welght is determined by considsrations of strength.-
An expression equeting the internal resisting moment to the extormal
bending moment at the center section gives the following relationship:

W - (GqWp + Wp) £a3/2 g1/2
B Wy t

where . _

W .a:irpia.ne é'oss wvelght . N
Wy wing weight

W2 ' distributed load on wing

C; distributed-load effectiveness (for a perfectly distributed
load, Cj .= 1.0)

f design load factor (assumed to be U4 in the present investigation)

[ U - - - - Ay M eyt <o n e e o, rp—— P o e Prp——
. NEEN N : - -
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4 wing aspect ratio
wing area -
t wing thickness (assumed to be 20 percent)’

and K 1is a coefficient dependent on the distribution of lift along
the span, the strength-weight ratio of the material used in the
construction of the wing, and the perfection of the design as an
efficient weight-to-strength beam. The higher the value of K,

the more efficient is the beam as a weight-carrying structure. For
the purpose of this analysis a value of K = 100,000 was uged. For
the L2,000-horsepower airplapss, Cj was assumed to be 0.90 and

Wp to be 0.50W. For the 21,000-horsepower airplanes, C; wes
assumed to be 0.85 and Wpo to b6 0.30W.

Although the tall-boom and the tailless airplanes would probably
heve slightly lowsr wing weighte because of g better loed distribution,
the weights calculated for the conventicnel airplenss were used for
ell three types because of the uncertainty of the design and the
roselbility of other factors such as the influence of flutter and
torsional bending on the wipng weight. It was also assumed that the
small amount of sweepback required by the tailless airplanses would
not appreciably affect the wing weight.

-(7) The fuselage weight of large conventionsl airplenss was
assumed to vary as the 1/3 power of the gross weight. (See fig. 18.)
The woights of the flooring, fittings, bomb-bay doors, and other
structures usvally in the fuselage, but necessarily in the wings-of
the tail-boom and tailless airplanes, were arbitrarily chosen as
1/3 the fuselage weight of the conventional airplens.

(8) The weights of the tail booms on the tail~boom airplane
were computed from considerations of strength. These values were
approximately 0.02W.

(9) The weights of the tail surfaces were assumed proportional

S
to the wing weight, or equal to o.h3wI-§’.

(10) The weighte in pounds of each wower vlant unit and ,
accessories ‘are: )

BOGINe . « v v it v et s i i et e e e e e s e e e e .. BT90
Intercooler . . &+ v & v ¢ v v e e e e e e . . v .« 800
Supercharger installation . . . . . . . . .. ... ..., . 1750
Controls and Starting - - + ¢« « ¢ & v 4 4 ¢ 4 v+ e s e 4 . o . 200
011 COOLBYB « & & & v v 4 4 e v 4 t 4 e e o e e e e e ee .. . 600
Water injector . . . . 4+ o ¢ ¢« v . o . L o v s e e, ... . 600

Ducting . . . . . . ,

Shafting . . . . . . 00
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(11) The weights of the nacelle groups are assumed to be
6000 pounds and. 12,000 pounds for the 21,000-horsepower &nd
42 ,000-horsepower airpla.nes , respectively

(12) The total propeller weights for si%* Gounterrotating
propellers were determined from figure 19 to be 4200 and 84LOO pounds,
respectively ; for the 2l OOO-horsepower and. 1&2 OOO-horeepower a:lrpla.nes.

(13) The weight of thé fusl or’ the. oil is 6.0 pdunds per gaillon-
The welght of the fuel system is 0.55 pou.nd. pex’ ga.lion and the woight
of the oil system is 1.25 pounds per gallon. The tanks are asgumed
to be carried in the wings. Sufficient tankege weight is inoluded to
obtain maximum rangs with no pay load: It was assumed that 1 gallon
of oil is required for every 16 gallons of fuel.

-

(14) 411 other weights not specified, such as armor, armament,
cargo, bombs, and passengers, wore assumed to be part of the pay load.
This load may be carried in any form or combination desired. .

Space D ’;-'

The space available for the accommodetion of passengers or
cargo was computed for each of the three types of airplanes (con-
ventional, tail boom, and tailless) by determining the floor aresa
over which a ceiling height of 6 feet could.be obtained. Passenger
sccommodations within the wing never included more than one deck
although the accommodations in the fuselage might be provided in -
multiple decks. All the pay load in the tailless and tail-boom
airplanes was assumed to be within the wing inasmuch as the tailless
airplanes had no fuselage or "pod" and storage in the booms of a
tail-boom airplane would probably cause the center of gravity to
be too far vearward. The pay load was assumed to be carried in
both the wings and fuselege of the conventional airplanes. The
fuselage size was assumed to be 100 square feet of frontal area,

. exclusive' of that submerged in the wing, and the usable length
was assumed to be 1/2 the wing spen. - The space available for pay
Joad wels then converted into passenger’ capacity by assuming that
12 square feet of floor space would be required for each passenger.
This amount of floor space per passenger was determined by an
analysis of present-day trensport airplanes., Sufficient space was
alwveys aveilable for carrying the full disposable load in fuel withaut
usging space which was of suitable size for passengers or cargo.

Gensral computations of the space ayailable for the bomb load -
were not mada, but investigations at several extreme sizes indicated
that the airplanes represented.on the charts in the present paper
could carry their full pay load ‘in bombs.

e e A e e e ~e— — o — c—-
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APPENDIX B -

.~ - METHODS OF COMPUTATIONS -

.. All the performence chaeracleristics were computed in a comw
veptional memmetr, uwsing constants and var:lablea basad on the
aasmptions given in appendix A. .

s Maximum Speed

. The maximum speed was computed fram the basic relations:

)

©p ]l\_r"
1
W
%L Bsve
2 i I/
2
. D_<c90+2—f'a>§sv2

These expressions can be combined to give:

W = | Bosv(z0mi - Cp,Gsv3)

where V is.in feet pdr-second. Substltuting the appropriaté
constants a.nd. values of the variables V and S in the foregoing
eqration can glve curves of constant velocity as in figures3(a)
gnd 5(a).

Take -Off Distance

The take-off distance (ground run) on & level field with no
wind was computed. .

If it is adsumsd that the take-off distance is proportional
to the excess thrust at 0.71 times the ta.ke-off speed, the following
relations are obtained: ]
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8 =
"&Tex

where Vp is the take—off speed in’ feet per second and Tox» the
excess thrust at O0.7lVip, equals T — D where

T"= 550Pq
. 0.7V

' N 2
D= - S(0. 71V
Cpp 5 S(0.71Vep)
and
. W/s
T

Yz %o

with Cr, taken as 1.3. These formulas ccmbine to give

0.y

8 = . e p e
64 4550Pq — LCDT gs(o.an)ﬂ}

vhere 17 is determined from figure 14 at '0."'{1VT.I"' By solving this
formula for minimum take—off distance over a range of weight and

ving area and by plotting curves ‘of ‘constant wing area, cross plots
of constant take—off distance may be made as in figures 3(b) and 5(b).

Rate of Climb at Maximum L/D

It is assumed that meximum rate oi’ climb occurs very near

the speed for the maximmm value of the ratio of 1ift to drag. The
formula used- is: : .. oL

_ 330008, 189gv3 g

Yo =TT T Do

%

o . e

e h e e e e g - - v W W e et =

A - — -
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where . V is the a.irspeed. in miles per hour at maximm L/D and is

equal to . er
Pocn. P
V= EO'SCI.ﬁa
l L] u67
where :

The rate of climb will be ‘obtained at constant indicated airspeed.
Therefore, a correction for the acceleration mmst be introduced by
multiplying the computed ra:be of climb by the a.ppropriate values
taken from figure 20.

Service Ceiling

Service oeiling is computed as the altitude at which the
nmaximum rate of climb equals 100 feet per minute if the supercharged
engine is assumed to deliver full power up to 50,000 feet. Service
ceilings above 50,000 feet were not consid.ered. in the present
Investigation.

Reerranging the rate-of-climb f'ormul_a. gives

} 28800Cp W3
(33000Pq - 100W)2sc;3

This formula is solved and the results are plotted in the same
manney as take-off dlstance.

Range
The range was computed by use of Breguet's formula:

R = 3751 (%)m 168 (W :eri;)

Specific fuel consumption is assumed to be proportional to the brake
horsepowey required to fly at maximum.lift-drag ratio when rate of
climb equals zero. Propeller efficiency and cooling power are taken
from figures 14 and 15. The fuel weight is found by adding all the
welghts in the airplane except the-weight of the fuel, fusl system,
oil, and oil system. The fuel weight is then a constent percentage
of the sum of the weights of fuel, fuel system, oil, and oil system.
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APPENDIX C

GENERALIZED SELECTION CHARTS

Methods have been developed by the NACA (references 2 and 3)
for presenting performance calculations by plotting the performance
characteristice on identical coordinates of wing loading and power
loading, thus meking it possible to choose the optimum performance
characteristics to meet a gfven set of requirements.

- Pigures 4 and 6 show selection charts made by superimposing
curves from Pigures 3 and 5. Each point on every chart represents
a congistent group of airplane characteristics. Performance charts,
such as figures 4 and 6, glve a picture of the relation between speed,
range, climb, teke-off disteance, and service celling snd relate
these characteristics to the principal airplane parameters of wing
loading and power loading. These charts facilitate the selection
of the paremeters which give s certain type of performance. The
charts may also be used, as in the present paper, to make generalized
comparisons over a large range of welght, power, and wing area.

This system should not be interpreted as a new method of
performance calculation to supersedle accepted methods, but rather
as sn adsptstion of accepted methods to making generalized
calculatione for.meny alrplanes.

REFERENCES

1. Stability Research Division: An Interim Report on the Stability
and Control of Tailless Airplsnes. NACA Rep. No. 796, 194k,

2. Brevoort, Maurice J., Stickle, George W., and Hill, Paul R.:
Generalized Selection Charts for Bombers with Four 2000-Horsepower
Engines. NACA MR, May 11, ighke. .

3. Brevoort, M. J., Stickls, G. W,, and Hill, Paul R.: Generalized
Selection Charts for Bombers Powered by One, Two, Four, and
Six 2000-Horsepower Engines, NACA MR, July 6, 19k2.
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() Conventlonal airplane.
Figure |- Sketches of possible airplane designs.
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(b) Tall-boom alrplane.
Figure I~ Continued,

NATIONAL ADVISORY OOMMITTEE FOR AERONAUTICS
LANOLEY MEMORML AERONAUTICAL LABDORATORY = LANGLEY FIELD. YA.
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(c) Tallless airplane,
Figure |- Concluded,

NATIONAL ADVHORY COMMITTEE FON ARRONAUTEOS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA.

L4LFT "ON NI VOVN

Le



-
-
.
e e et - - - e - -
PR .. .




NACA TN No. 1477 29

XY
\éolo Airplane
VAN Conventronal
// / 50 —— Ial] boom
// / \
20 ve / / L 7a/lless
a7 S, P= 16,500
/ e — // /
10 // / e
/
R o e o e S N
3 | ]
Q
g © —
3 g0
\ T W
N
Va7 v
\g’, o w -
3 ///// P de P= 2] 000
S // N " g '
2 /4/4/ ///i
==
X0
2 N
‘\) 600_
. // v 51'60%0
< = P= 42,000
e g 2 e /A:: )
/o /// '////4/$
Y
= NATIONAL ADVISORY
5 COMMITTEE FOR AERONAUTICS

o 20 40 & &
Wing loading , W/S, pounds per square foot

Frgure 2 .— Space limrtation on passenger caqpacrly.




e ni
P \ - A 1rprane
28 PP = i Londotiond ———
VL e I lay boom ~———
| A -7 _}409 lailless  —————-
24 V4 "~ o "]
\ 7N A AT Lo
§ I,/,/ //'//:/ — "'_/ﬁ
/ [ ’ *"”— _.-—-ﬁ
20 YAYARRVAV/ <N B e =
8 A VA LA et 15
I'"// v ,/.’ ,,/ //,/ //’ 1 - __4—!_;_ N
3 © T e e = = = M o0
§ AN 127 —/
! 7’ - o~ ',/’ " P
3 ] 2 //,;4 A _.;'/;/
Q N AT | T
- > ’/ /- -
Rh} 8 %// // 4/
S\ 4 [~ [}
S '/",44
3 ‘ =
S LnrmJuAWmm
T
0 \ L
| 0 0 20 J0 L0 S0 o0 0 80 (o, ¢) oo 0 20

wing mdm,éy, pounds per spuars oot

fn) T sinmm ! ok SAAAN el o Shads o
(L] IO SLECU Ul SRR O Ui uae,

Flgure 3.~ Ferformarnce c/w/:l Br conventional , reil-boom ,and railess a/r,a&ﬂé.f wWilh 42,000 brake /xvsspower,

1]

LLFT "ON NI VOVN

= — -




— b — s . . -

4L4%T "ON NI VOVN

28 .
\ \\ \\ \\‘ \\‘\ Airplane
3 INRAERN N\ Carveronal )
E ‘4 \\\ \\ \\\ N\ \‘\ \; JTCH T 20001 J
3 NERNYARN ANE fallkss - -
) \ N N
E.?O \5{\ \\l\ \ \: - \\‘ -
é \\ \\ AN \: L N \\
A \ _ ~
% /6 \\ \k\ \\;\\ \}\\
3 \‘ \\\\“ \::\ N;
g N T8 X 3= A
L, \ AN i
- N TN ] TRL
NE N [~ e S 2% )
3 ~{ | A
s = o
h4 AN |
Ky NATIONAL ADVISORY
& FOR AEROWAUTICS
o T
o 2 20 3 £ o & 70 8 G0 KO /o

ing /am?rp,:é:—y, pounds  per Sguare  fodt
(b) 7ake-off distarnce.
Figure 3.-Continued .

45



8 Airplane
Conventional
Y 2 e
3 ™~ |
Ty R
0 20 [~
j oJ?
g /5 \\ ﬁ B S
] —
3 \-._ R ﬁ-\\'—‘_? —
P — 20¢
g o T
?Eg V927
AN
N 4
% RATIDMAL ADVISORY
ITTEE FORA AERONAUTIOS
S R e
L 0 - ‘ 1 1 1
0 0 . 20 Jo 40 %7/, " 60 70 80 so /0 /0

Wing loading, % , pounds per sguare foot
) Rate of chmb at maxwnum L/D at 10,000- foot altitfude.
Figure 3.-Contfinued.

/20

LLFT "ON NI VOVN

44




.

FPower loading , %’ , pounds per horsepower

&

™o
AN

™o
Q

&

N

®

Ly

O

\ \ '
N AN Airplane
\ NN Cormerirannl
S A I T/ oo ———
\\\\ \:.:‘\ \::\\ 75//5\5:5
N F\\ > ‘\\ S~ [~
g ~ \*\ ey —~—
NERANEERSSERe SN
Y ~ Ll . i _ -

> \ ~ \-\‘\ T ‘M"--...‘ T /aomﬁf.
™ \\‘ \ \'Jr'\ ~ ""-J.\ X e

~o ~. B N~

\\\. ] ~J [~~~ = 20
[~ e e~ |
<= I 000
\ —e = 1=~ —~
—— ) =" N~
e ~ _Eh= 40,000
',--—.__--.-.Jo'
NATICRAL ADVISORY
COMMITTEE FOR AERONAUTION
o ., 20 30 40 17 60 0 &0 g0 00 /o

Wing loading , £ | pounds per sguare foot

(@) Service ceiling.
Flgure 3.- Confinued. '

/20

LLFT "ON NI .VOVN

88



\ Airplape
. ‘ \ Convertional
9 \ \ N\ Tar/ boorn  —————
§ A Y X \\ la/ress ——-——
3) \\\ \\ \'\
by \
.:-G: 20 \\ \‘- \ ]
‘\ N - \\ [
g .
8\ /5 R \ '
N S o P 8000 /7178,
g ~ — //
S # i S SR -
hY \\._? _
S e
N =1 1 AN
g . [T T ~|~=|—=L _L _ I O D R
N
:\J NAT(ONAL ADVISORY
g chrrm. FOR AERONAUTICS
Q o | |

O 0 20 0 L 0 260 0

80 SO A0 L/ 2O

wiInNg /bad/ng,—\?.—/ , pournds per square /oo/

- L2 inmn b 1Y ANty SRk and s
(S 7 ’1“"9( </ fv,vvv F LS AL F AN

Frgure 3.-Coniihved.

LLFT "ON NI VOVN




y %
8\ 24 \\\ \
p)
2 \ N
R X <
\ & N\ N _ B AN e ala e
& \ \\ — NAARS 7T 1T
:é / \ \\

(] S ~
S N T~ 7000

. N
L NI o
N = .50!00
NI T T
3 e
——_ 5 !

PN .
g dﬂg:hmxsomﬂ
N .
< . _ | ™

o N B B o B 0 B 8 B O Ao 0

wing loading , ¥, pounds pér sguare roor
FRange for conveniional aiplane ar /Qo0o-fool altifvde.
Hlgtere 3-Con7tny ed.

LL¥L "ON NI, VOVN

Gs



28
< \
N N\
) ’ \
24
ga\ . H\ . \\
Q X
g . \ N
I fA¥ N A
~ N N \____ .
3{ \ N - 8000 m/les
SN
3 < <[
3
S AN AN < = —= 7000
ﬁd. \\.\\ \““~i—~l N
s - 6000
g s e Sp0g—
3 — | 4000
S | C 3000,
Y 4 e 2000—
& . NATIONAL ADVISORY
'i . COMMITTEE FOR AZRONAUTICS
0 | ] |

0 0 20 30 40 So 60 7 S0 80 /oo [0
Wing loadifig, —gl, pounds per square foor
(@) Range for tail-boom airplane arl- /0,000-Foot altifude.
Figure 3.-Continved.

gt

*ON N.IL VOVN

LLPT



P

w
Fower loading, 5, pounds per horsepower

28 ] i
| \ \
1 \ \‘
\
84 \ \\ \)
‘\‘ \ \\
) b o
‘\ \\ \\ »
20 N < == 10,000mpes|
N BN
\\ ‘\\ Ny \‘-
/6 3 e Wk =
~ -~ T+ =L
[~ < \\\ : I ] s Rl 9
/2 T T R N i s Bt T 8@0
_ ~~=J-1 T [t =F-A=4=3 7000
8 ..-h S — = = — — o — ] :I,
: ~ | [F=F=k_ T T T 1 1%
B Bl S A ~ =T = 30
4 et P A =EEEE PN -y,
— T 3000
Z  NATIONAL ADVisony
COMMITTEE FOR AEROMAUTICS
0 | I
0] 0 20 30 40 S0 60 0 S0 o0 /00 /o
Wing loading, %, pounds per square foot
(h) RPange for 7ailless airplanes at QOO0 -Foot altrtvde.
Ermiiblre 2. 7 oirnondssodomd
' Iy(/l e N ™ e WP I Yy

LLFT "ON NI VOVN

LE






w

Wing loading, ‘—g—, pounds per square foot

(@) Conventional airplanes.

A .

rigure 4.- Composite performance charis for airpianes with 4 000

o8 7000 8000 miles Top speed
Y 1
- \\\\ \\}1’350-\"‘?“ Take-off run
w X
§' \ >< \ \\ 1 ‘t\ |
§ 2ol | 16000l [ A N\ XTI\ ] 450
5 \( \ X\<\ 4></
0 16 X NIA B TN N L1759
2 EANN. \ >< \\\% N 550
Sz b X SE
o 4000{sNF<—= I 15000 #t
o % 7"-:'.: L~ ~J ™ " T™4000
s ° A AN T — ~—3000
3 2000 < 2000
s 4 1000
[15)
g o
0 00 20 30 40 50 60 70 80 90 - 100 10 120

brake horsepower.

- LLFT "ON NI VOVN



-
[ - .- s




pounds per horsepower

w
Pa

Power loading,

@

P

7000 8000 miles Top speed
\ \ \ \/-350mph
- 1 Take-off run
\.‘ \,)". \ \ _L—+400 ~
—\ A \ N - range
N\ \
a00n] 7 \{\\ \ '\\‘ }K‘___,-——--450
| AN [
SOV KN I N INL L1 e00
/'/\\\ p '\\k \\\ "/:}-—"—__
MW I TINL | 550
000 N INAT NS N
\/ \ T o - \\.- ::
0o | P T e =] 5000
= e - =l 4000
_PT - =L ~—~3000
2000-p<|___ TN 2000
=== 000
co:‘:;!rgim-ﬂwwlcs_
i

10

20

30 40 59' 60 70 80 20
Wing Iouding,%, pounds per square foot

(b) Tail-boom airplanes.

Eirmira A= Cantinn
] |5Ulu I WWIHHITIW

100 10

120

L4FT "ON NI VOVN

|84



Y
———- - et — —
PO . PR .o .




pounds per horsepower

w
P!

Power loading,

28

24

o0

[ 2 S

I

o

-390 mph 10000 miles| Top speed

X -~

v\ 7 N \

\ R\.\ /\()f e ’,4.—-’4;_"400 Take-off run
CA I . ‘\ /,' .‘

> “\ Range
B .;"450

LLFT ON NI VOVN

A\ El I\\

)

. \ N
'i \\ /\/' '\\\»’,/' \ . ____500

s000] X LN PRS-l NS

e ~< F 5000 Tt
£ N e ;:.':" ..4,
4000€_L~ AN ~ed T T T=93000

P -'h. b . —r r—‘__
-’ '"“"----__.___‘_:_\g __I__ 1 1T TT17 2000
1000 |
NATIOMAL ADVISORY
T
10 20 30 40 80 60 70 80 980 100 o 120

=

Wing loading, g pounds per square foot

(c) Tailless airplanes.
Figure 4- Concluded.

157






NACA TN No. 1477

_ !
“
| —
i i
§ S mm
S3x X .
S aAm . . 3 |
m,mmm m,, ; ¥
3338 8 Y
T
CRIEINA \ \
= \ ',/: ,// /
.m m / /.VA‘/’/ / //
3 AR LW AN T
i (EAVRVR\VIAVAY
UL \ \\ ,/ /// N\
RN N LN //
NVYMNANYNE \\
// NN N ./U//, /4,/ /////
// //../ //.////z// //// ,//./ /
//,A, N //,,/ /// ////
//./ //ﬁ/z//f”AM./A/////./A/
¥ ] ¢ 9 9 v o

Amodasuoy 130 spunod- %\_ln\ £ buiIppo) 43MO~

Q

/o

/00

go

20 A0 J0

20
Wing feading, éV_ , Pounds per square fool

op speed at /Q000-foot altriuae.

/0

(@)

R
[

-

P -l o )

Figured-Ferformance Charts for conventional,tai-boomand fasifess arplanes with Sl000 trake horsepomer:




, 28 \ \ N Airplane

3 \\ \ \\ \\ 76_37 eggt)%nal

§. 24 \\ \\ \\ \\ Tailless

N \ A

g, HAVERNEEAN

Py N

g \ \

3 /6 \ N A\ =

§ \ \ \\ \\ ™~ 8000 Y
EIQ \ \\\ \\ __ \~—-—.=___5000
- N N ——]_| |
Q> 8 P —~t—— =3000
IS] ~ 2000
‘§ 4 /000 Mol e B

v

2

D

N0

O /0 20 30 €0 50 o0 70

80 g0 00 /O

Wing loading , %V- y pounds per square roor

(b)7ake-ofF drstance.
F?yare S.-Conti/nued.

oy

LLFT "ON NI VOVN




28 Atrplane

) \ 1 ‘Conventronal

2 o4 fai boorn

3\ N Jailliess

)

N

{ o L

N %24 .

‘g\ 5 T~ . [~

\¢} ] i e

\g \\\_ /0 \\-_

3 ] ~

] /2 e ! I e S

- [ ___./\5'0 Tt

X, —— \TLﬁLk

N — —

S \?oa_é

E 2000

. 4

% NATIONAL ADVISOAY

Q CONMITTEE FOR AERGHAUTIOS
; ]

&, /0 20 JO L0 S0 60 70 80 [=/s] 700 /70 l20

Wing roacing, ¥ , pounds per sguare root
(c)Rate of climb al maximum LD ar /0000101 alfviwde,
Frgure & - Contmued, '

LLFT "ON NI VOVN

L%



48 NACA TN No. 1477
N .
I )
_
| an . nl Q
TR 1Y s R30S
3 N w_ _Mw; (8 Mmt S
7 :
N e a1 m e
o849 A0 Vg oyl &
LY f . .
.mmwmm b\\ ), \\\ ..\ i
YO \.\\\\ \.\M \\ \ \\ .\ _\ \ \ \\ w ,.W
:\ \1\ \\\ N\\ ,.\ _\ m
AN/ A Y .
A7/ Rl S
_\\\ / %\ / / / \ %
VAl /4 / + { w
77/ WAV by
s.\\\ \\\\ \\a\ -\&.\ _.\ _MW W
4 7 \\“\ ...n\\\\ \\\\ \_ \ MI
vaui m\\ I/ Q3 .
\\\ \“\\ \“\\ \“\\\ nw ¥ 5
‘A S 3T 9
\L\W\ 4/ 4 7 mu ..m L 3 )
m_\ \\\\\\\ L7 \“\ m “ ,_M:
-~ \\ O 2 o
P17 N
101 ,w ...._r..._.
R
S L

40 .
R ¥ 8§ ©® ¥ © v o

doptodasioy 1ad spunod wm ¢ bulppos 4omMos



- Alrolrne

. 28 \ Conventjonal —————
v lat/ boom ——

3 T+ Tailess ~— ——————-
% 24 \ \

N, \
8 NN

\

S 20 TN

‘) ~

T /6 AN

i ‘\-—_L

q N —_—.—-ﬁ\-"““-—-_.__ \

- 12 SS
2R e S ) 2 mile

N “E\ Tt -~ //

g 8 P == — . o == " v 4

3 —F= = 3000
§ S I T ey o st s e 28

L i

g NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
g , L1
0O /0 20 30 #0 Sp 60 o & o Jowo M /20

Wing loading, 3W— ) POUNA's per square root

(@ Range at /g000-Foor attrtuae.
Fiqure 5.~ Continved.

LLFT "ON N.L VOVN

8%



28

24

)

s

Fower loading , % , oourncls per horsepower
N

o

\
S
\ N
NEERNS
\\ 15 78S
\\ ~—
\‘_ ] et S5O,
\\ I
‘-..___._._._ _ : i
I 40?0
~ L - J000
- <

NATIONAL ADVISORY

COMMITTEE FOR AERSHMITICS
| | 1 |
3 1 ] 1

o o 20 30 L SO0 G0 70 80 @0 /i

Wing loading , :ESV- , pounds per square root

(F) Range for corverbonal anatane ar /0,000-7?90:‘ Qe
Figure J.- Contmued .

o ..

120

0G

LLFT "ON NI VOVN

e — ——— ——



Power foading, w , oounds per horsepower

\\
24
\ \\
20 \‘\ \\‘\
\ N ~
< ~~J—]
L ™~ T TT—T—Z
/6 \ ]
N\ ~
[ =1
/2 = : ——l600¢
— T L _
R ——
5 | | ~ _ -+~50}oo
_ T —L T 1 14000
~
[ f— e 30w
4 = 2000
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTKCS
o |
O 0 20 30 40 SO 60 O 80 0 /00 N0

Wing loacing , Y., pounds per square Foot

QRaripe 7or Fail-boom airplarre oF KO000-/Oor Qlrtrudce .

Flgere s.- Conrrnued.

- 20

LLFT ON NI VOV

8¢



28 : ,
g '~. ]
\
S 24 ‘ “
1) \ N\
5 \, :
N \\ \
\ 20 Y NE
3 - N .
1y N —y
Q \ \\ T ‘h_\..‘;
8 /6 ! 3 : SR
S < S
3 \\ \\\‘ L -
8~ \‘N ‘-h..h"h
N\ \\._k ""‘-—___ﬁ_._
=Q S 0 N |
~ \\,__\ .-.-.5"'"—-..____ . —— ____-—_'7
Qﬁ 8 Jﬁ-‘ - - = =1 _1 mol
S “\‘ = "-_.,.______- —-—____.-6
¥ T Tt = —== i 500
3 I e e o B o e MO A
N = T T A ol
A
3 NATIONAL ADYISORY
3 COMMITTEE FOR AERONAUTICS
Lo i i i i
o - /O 20 J0 L0 S0 ('S 70 80 Qo 100 /0

Wing loading, ¥, pounds per square foot

(h) Renge for tartless anrplanes at 10,000-/eor altiude.
Figure §.-Concluded.

4

LLFT "ON NI VOVN




o8 60'00 miles Top speed
. \ 3 \\ /_-..:--350 mph Take-off run
E \ 1\ \ e
3 24 \ Range
2 5000/ —1 A 400
§ oo [ DN IXT T

[

g )>< N \ 7 =

16 e X
= —
] X N 550
a2 ’X‘J<>té < —

=lo 30004, S | == 5000 ft

g 8| ' = N 3000
g 2000/ = —L_L_15000
=)
: 4 \\"}- 1000 MATIOMAML Anvicony
Qg) COMMITTEE FOR AERONAUTICS
8 -

0 0 20 30 40 50 80 70 80 90

Wing loading, %, pounds per square foot

_ (a) Conventional airplanes.
Figure 6.~ Composite performance charts for airplanes with 21,000

100 IO 120

brake horsepower.

LLFPT "ON NI VOVN

o



—— e ——

“ .




~ Power loading, -VEV, pounds per horsepower

EAN

O

=
_ - =
- 6000 \ : 7000 miles Top speed Q
\ 350 mph Take-off run ——— =
_ i
— 200 Range 5
; i~
N L1480 3
P
N\ P,
VeSS 550
400@\\,»4: NARR-I =S
A 5 Tt ol “'\
S e N | T 50001t
— Dot e | | Pk = 300
2000] "1 ™NL - 2000
o — "'-\‘ I
é——d—._; ..................
ooo [ | COMMITTEE FoN ALRORAITICS |

20 30 40 50 60 70 80 90 100 10 120
Wing loading, \—AS’-, pounds per square foot

(b) Tail-boom airplanes.
Figure 6- Continued.

Gs






pounds per horsepower

w
PD

Power loading,

28

N
Q

o

N

I

)

BOOO [9000 miles | -

y
W
0
O

3

©
>

Top spee

Range

d

Take-off run

4
)
\

== 5000 ft

SR 3000
2000

1000

NATIONAL ADVISORY
FOR AEROMAUT

20 30 40 580 80 70

W

on an
LS AV S

Wing loading, 5 pounds per square foot

(c) Tailless airplanes.
Figure 6- Concluded.

TaYe
NS

~
(v

[»]
o

n
(V)

LLFT "ON NI, VOVN

LS



————— i A —————— - fam— - .=y, .-
- - - - - . . . LN ‘ ’




Fower loadllzg, %; pound’s per horsepower

28 |
\
24 \ \
N
N N
20 N <
N L
6 \\ \ - S000mias
™ \..—
~J = ——
L
12 <] e e —Sﬁol
FOOO
\ [~
’ ~— -£000
I i e — 4000
~— 3000
4 _ -2
HATIGHAL AvisoR
0 | | | |
0 o0 60 70 S0 90. oo /o

o - 20 40
/W//?g /aad/ﬁg - pounds per sguare foot
la) QO percent structural weght | fal/-boom awrplkare.

Frg ure 7-ra dgc}‘fof farltoom and rarlless airplane 1or ratrous Oerceniages

o F carnpillte ruciural weight'; 42,000 brake horsepower.

LLPT ‘ON N.I. VOVN

69



28

rd
7

. o T[T~ 1—-/4o00mpes

1L e o -

("N = - 1 = — 1 1

/2 - - ht S

Ny ~ - 1" Aoiool?

e B o S0 O Y O st o 2 Y, Y )

— el ] ] TSR

~ 8000
. s 0 S Nt ed el = BT R O N O 7god—
T e Y I A

- 41 _J_ - --_*__-"'5083
=pmsfsi=a

p . ==t __L_ L ___ _

NATIONAL ADVISORY

Power ./aad/nq,'%; pounds per. horsepower
/
/
i
/

| COMMITTEE FOR AZMONATICS

o) L1

O /0 20 30 40 S5C 60 70 g0 g0 0 /o
wing foading, %{' Jounds per Jgdare foot
(6) 8O percent structural weight, failless aqupkare.

Frgure 7-Conltnved.

09

LLPT "ON N.IL VOVN



z
23 2
‘ b
i\ H
S f | :
S \ \ &
o)
& & \ )\ %
E @ \ N\ N 3
C A A
\ ——
.‘é /5 \ \\ 2 [ fas
N N \‘
s \ \\ ' ~\'~. .
g # Y ‘ \Jf —— 1 _léovo
n \ \\ L_
20 TS
-~ T~ e, Y [ -~
gy 8 ~ ] ~_ — aalx
— 1 — 2
g, Sope
g ' NATIONAL ADVISORY
3 COMMTTTEE FOR AUTICS
Q O | | I
@ 0 22 F0 . S0 &0 70 80 & Voo Y/ s

wng leading , % » pounas per square /oo
(c) 110 percent-srruvctvral weght, tar-boorn aiplere.
Frgure 7.- Confrhued. |

19



D N
RS

P I
! |
\
& & X :
o \
\
S 0 ! :
L ‘\ \‘
\ \. \ N
v ' N ~
Q Y \ .
RY) /6 1 \\‘ = -
N . ‘o N b
Q \_\ N =l ot
3 ~~ S~ 1 - ~&eoomues
8 /2 = ™~ B = -~ - - i
E\m \\ ..‘.“M -.h-_.---_"'-—t— 7
- = L“s - o _ B IR B _L______ N leo.
% 8 o~ ™ 4+ .-___.-_"- ] — N l
§ [ = i Bl e R =TT~ — |- 15000
3 B e St ot ety Bl gt el el g e e S e e - 2.2
N 'jr— SO
3] NATIONAL AbVISORY
g COMMITTEE FOR AERONAUTICS
g 5 (111

Q 0 XK 30 L v e X £ KD W /W
wWing roadsn g,SLV, pownds per sgaaré roo?
()N percent srructural weight , failless airplane .

Figure 7-Concluded.

é9

LLFT "ON NI VOVN



NACA TN No. 1477 63

Atrplane
Tai/ boorm ——— ——
Talless —————- )
;S'é(aelo fleao
/0 o
TN\
\ |
\
-
\
§ Joo N—1 \ \\
E \\' \\ \\ )
\ \
\\
S so —— NEEANE \
o a = /&,
N 1©
N
S | P,
‘a %:6 P=/¢I
N B R R T\
N \ \
5 | \

AN N

A
1

\ \ \

\ \ \
S0 \ \
&) J?( = ¢I0.
o 2000 HoO o000 8000  /Qodo

a.nge , /r//es  NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Frgere 8.-Varrartion of range wirh strecrura/
welght forfas/-boom and rallless asrpranes
Witth #2000 brake horsepower.




NACA TN No. 1477

Asrplane
(%nyegﬁona/
all boorm ————
64000 larlless ——————
- XK~
wy 40,000 AN <=4
l \\:\ .
\\
20,000
~ N spp —pLentinal 12 Joont 7
>0 & \\-Qé: -
S0
/
8000 //
Conventional and {ai/ boom- -
// //
7~

N
N ]
300
o S0 e e
3 o
N, 7
Q 4000 Za NATIONAL ADVISORY  _

CCI)HHIT'II'EE FOR AERIONAUTIICS
l

40 60 &0 /00 /20 /40
Vo , mph

w
@) P=42000 ;P =/4£.
Figure Q.- Varration of performarce with
landing speed .




NACA TN No. 1477 65

Arrplane
g_or}vebnflana/
@)/ boormnm —— ——
60,000 lallless ~ ——————-
\~ ‘\\
v SN T
X & 40000 SO
\k ‘\>
T
S
20000
s /500 Convenlional, tail boom.
: s ok
ﬁl "8‘ SO0 : F\\T‘L —-L~“——~_
000 4
S Conventional and tail boom_y/ ///
L~
. -
W< 4ooo // 7L/
1T
/l —
0 "'.’_’-—-"'//
600
’—y:—————’
s S0 /,/——"; ==
Q.
NN -
300
~ 8000 S ks
v -t
% =
N -+ PR S—
S P s S ey st L B

40 60 &0 o /20 Mo
Vo , mph

w
(b) P=21000 ; p =/4.
Frgure @ .— Coric/uadea.  NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




—— e A m e e e

66 NACA TN No. 1477

Airplane
?‘_o;; ventional
! boom —_—
60,000 larlless ~ ——————-
S 40000 JN&\ g
l h ! Q%gb
20,0
Conventiona), tail boom, and tarlless—,
W S00
/00 >
80 e —
ok 60 . —
NS Y ¢
Q // \-—Coﬂvemhomzl and tail boom
20 4
0
600
- o -1 - " =
§'§ S00 ) ,/, /{
PNEN £L00 ;,
300
v, SO0 —— /_:__
8 ol T
) NATIONAL ADVISORY _ |
4000 COMMITTEE roln Aznfmmlcs

O 2000 4000 G000 8000 /0CO
5,7

w
&) P=42,000; P*=/4.

Figure /0.~ Varialton oOfF perrormance racrors with
Jake -of f distfance.



NACA TN No. 1477 o

Arrplane
%‘_Oi}vgnf/ona/
al 00)77?
oo Jailless @~ —————--
Q) 2 N1
20,
3 g 1500 Conventwonal, tal boom,and fa://e.ss7
/00 T
KO - >
§% 40 _ A _ L |
7 o 1] boom
Q 20 _/ nventional and la
0
600 J
§’§ \5—00 //_?;4-6’,———
Y 100 |42
300
Sy, SA00 e - I b
e -
Q?s ’/“""
4000 —
0 2000 4000 6000 8000 QoD
s 7
w

(b) P=-2/,000 ; & =/2.
Figure /0.—Concludeq. ° NaTIONAL AbviSORY
COMMITTEE FOR AERONAUTICS




NACA TN No. 1477

Arplane

/IV | Converrtional
o0 7a//less
N Vo w0
m{\ L A //2w
N g \___4 A
3 S = P Transport's
% 400t_\\ ":;’.4 - Range , IO miles
3 —I=
9
<
g Y, N V%
600 600
3 400\\\ . S o
600 R
R 200 \4//
S & 400 + \ // - M
N h o 5:;.,,4/ _~ 200 7 '
N 20— = Range , 3200 miles
§ \\\\\_~\§/ - - 200
P
N
3
N
N 2 W
p | L
N .
Q
JO0
g 2| 1a0 \\\ : Bombers
25000 \\ ] \2/% Range , 500 miles
Do PN —Ss=a Lo
25000 |~ _ [T~ — |} suaw
0 =t} 25000
NATIONAL ADVISORY —{
connm7£ FOR AERONAUTICS
0 I [ 1
a 20 7 &0 50

Wing loadrng, W/S, pounds per sguare foof

(a) P=42 o0
Frgure//.— FPassenger capactty and bomb /oad.




NACA TN No. 1477

20

o

Power loading , W/P, pounds per horsepower
S

10

69

i — Airplanes
700 Conventonal .
\ // 500 7//00 ——Taul boom
; / | ey Ta/ffess
/1 / 500
i v <
N e /
Z /‘/2m '
7 d Transports
[~~~ — 10 Range , 3000 rmiks
N
300 |20
x 1 74 d // w0
NNl - ’
\ N\ //74 200
ﬁ‘\ —
\\\// = /w
- P Transoorts
S Range , S400 nmifes
Wy
48 000
25000
3qQodl \
o0 NIk 7
20D -~ B e SR Lombers
nowdl [Tt~ Range ,5000 mles
NATIONAL ADVISORY —
COMMITTEE FOR AERONAUTICS
|1 -
0 20 60 &0

40
Wing /oad1ng, w/s pounds per sguare foof

) FP=2/000.
F lga[rg /1-Concluded.,




70
600
3 ==
Rﬂ’é 400 ==
£ 3
v
QY
|S§ 200
-0
200 400 00
FPassengers
3000
N\
O 0 \\
QP 200 Sy
~N
Sy ~
S <
1000 .
1IN ~
¥
0
200 400 0717
Passengers

NACA TN No. 1477

Awplane
Conventronal
a/ boom
Tailfess
§
N 4000
Q
R\
3
I§ 2000
| =]
4]
200 400 600
Fussengers
cOx/0?
3 )
= 40,
>
3
S
Y
R
g 20
)
0
20 400 600
Passengers

(q) P=42000 ; V, =70 sntfes per hour ; A0=3000 risles,

Figure /2.— Performance comparison of conventional, tail boom,

and tailless arrplanes designed for varioys missions,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




NACA TN No. 1477 71

Top.soeed ,miles per frowr

Rare of Climb, teer per m/nu e

Atrplare
Conventional
———— Ta/ boom
—————— Taifless
600 6000
N
YL
X
00— =p——<4— . § 4000
§: f — ] j§‘
% //
? =
200 8 2000 =
) N = I I
0 0
200 20 600 200 o . o
Passengers - Fussengers
3000 60 x/0'%
N \ 1 ~N
v \\ AN
2000 \_‘ 40 \\
(Y
S NN
~ N \
1000 — =< § 20
I N
0 - . 0
200 400 600 200 400 600
Fassengers Passengers

(b) P=42,000 5 \| = 70 mfes per fowr; R=5090 miles.

- NATIONAL ADVISORY
Figuyre /2 ,— Continued, COMMITTEE FOR AERONAUTICS




72 NACA TN No. 1477

Airplare
~ —————— Conventional
—— 7ol boom
—————— Tailless
§ 600 6000
| —d
A
Q o - /
Q 400 3 400 + —
@) ~-T
¢ Ll
§ 200 ¢ 2000
Y O
Q. R
\3‘ 0 0
200 400 0797, 200 400 60
Passengers FPassengers
S\ g
N
§ 3000 60x/0°
\
! % ~ S
v 200 y 40 I
} \ S
N N N \ N
Q y 3 >
RN : RN
S 0 o S 20
Q — T~ v
\
\
200 400 47 200 400 600
Fssengers Rassengers

(@) P=42,000; VY =100 nules per howr 3 R=3000/71/E5 -

NATIONAL ADVISORY
Figure /2 — Continued.  coMMITTEE FOR AERONAUTICS



NACA TN No. 1477 73

Top-sbeed, /s per four

Rafe of chmb , et per mumure

Alrplane
—————  Conventiwonal
—— —— Tl boom
—————— Talfess
600 6000 )
. L
Sk | K v
= §
400 N 27, o -
S 7 A
2 4
3 I 1 -
s [
200 §'<, 2000
R
0 0
200 40 1777, 200 40 &0
Fassengers , Fassengers
3000 60x0”
N o o
200 & w A
% ~~
R ~d
N N
. 3 ~
1000 N S 2 I \\\
. ~ ~ AN
\ §\ ~— _ (%
\\’§
0 0
200 400 600 200 900 &0
Fassengers Fassengers

(@) P=42,000 ;VY=/00 mfes per four ; R=5000 /m1/es.

NATIONAL ADVISORY
Figure /2.— Contintued  coMMITTEE For AERONAUTICS




NACA TN No. 1477

74
Arrolane
Com//ce?)éz‘/oﬂd/
—— ol boom
—————— Tatlless

§ 600 6000

3 B = Ny e :% 2

\ \‘\ -~ ///

o S //

) 5 gid

3 N i »

§ kS -1

S 200 L 200 =T

¥ R =

3

Q

R o ‘ 0 3

0 50 100x10° 0 S50 100x10
Bomb lodd, pounds Bomb load, pounds

L 50w 60,x/0"

N

N < -

%{\ 3 N [~

o 200 R w0 S

) \ ® R

3 > 3 RS

~N

2 1000 I § 20 >

N | 3

§ 0 0 3

7] S0 00x10° 7] 50 /00X 10
Bomb load, pounds Bomb load, jpotirds

@) P=42,000 ; Vf =100 rmles per hour ; R=5000 rmi/fes .
NATIONAL ADVISORY -

Figure /2 — Continved .

—— e —— -

COMMITTEE FOR AERONAUTICS



NACA TN No. 1477

7

Airplane
~———————  Conventional
———— Tay/ boom
—~—————— Tailless
500- Yoo
@
L .
T~
[~ ~J - N
\ 00— ==k —t— %4000
\
o N
g 5
N v
< 200 E 2000 —
% L //_L R Bty
b T -T
K o 0
' j00 20 300 /oo 200 300
FPassengers Fassengers
\g‘ 3000 COx/0%
N
~ NS
§ ] SN
X = AN
§ 2000 40 N
Yy | N
X S S
Q N = T‘ ~ Q
S /000 N; — v 20
O ™ by
3 ~| 3
X
€ o o
100 200 300 100 200 Jo0
Fussengers Flsserngers

(f) PP =zlaw; V=70 miles per hour ; P=3000 miles.
NATIONAL ADVISORY
/-'/gw'e /2. — Continued. COMMITTEE FOR AERONAUTICS




76 . _ NACA TN No. 1477

Arvpfane
—————— Conventional
———— 73/ boom
—————— 7ailless
600 6000 —~ i
N\ 7
\\ \ $ - al -
3 = T o g /
- d % —~ QO /
vl 420 =t S 4a00
v
I —
% N
)
Qe aot
oL Z00 . 4 2000
RS )
: R
0 o
100 . Zoo S00 foo 20 877
Fassengers Foassengers
3000 6Ox/Q2
N N
RS o \
13 20 R 4 '
N HIINEREN
Q N S
w3 3 ~C
o 1000 ™~ $ 20 B
N ~ 3 ~
i 5 <
) S e o I
0
100 200 Jo0 100 200 300
Fassengers Passengers

(9) P~ =z24000; Y=)00 r/es per hour; =3000 miles.
NATIONAL ADVISORY
Flgure /2 — Conc/uded, COMMITIEE FOR AERONAUTICS




Minimum specific fue/ consumprtion,

o

G

pounds per brake horsepower-hour
O
AN

/

N

7

/

rFercent fake-off frorsepower

Figure /3.~ Assumed minimum specifoc
ruel! consumption .

S ‘\
\ NATIONAL ADVISORY __|
N COMMITTEE FOR AERONAUTICS
'4 P — L - L s
o <0 40 o0 &0 100

Estimated for 3500
fake-oft A

rsepower

~

ALFT "ON NI VOVN

LL



/00

)ﬂ?cveﬂc_y N/
Qo
Q

ropulsive e
I sea /evel

o)
(a
Ay
)

Bras

o
O,

9))
O

NATIONAL ADVISORY .|

COMMITTEE FOR AERONAUTICS

/00

209

300 A0 RO 600

Velocity , ri//es per Aour

Flgure / L. — Fropu/s/ve erfrciency.

LL¥T "ON NI VOVN

- e o 1 e i e e —



NACA TN No. 1477

N |

\ g |
25

28

N

N\
\
\
\

Q X . Q ~f O

(Aowd/12/t/5 L3y3c040 L/
LIOLLOVODA fUS/OAINDS OSYlY)
AMOG SSAOY BYLAG US4
UcIMod D000 ssnty /

s50x10°

40

<0

N S |

ITiruéage |, ree;

/0
A

Q

79




80 NACA TN No. 1477

OI8 \
0 0/6 \\
SR A\
§ o
s O/4
TN |
& —\ N Awrplane
N
Y \ N | | /—Conven//om/
S \_ ~N— —
0/2 —
N \\\ 72/ toorn
‘? T—4—| _ ____ét'@///esd
8 0/0
R
Q
§. QO8]
Q NATIONAL ADVISORY
N COMMITTEE FOR AERONAUTICS
AN .
006

o, /5000 20000 3Q000 40,000

Wing area , square feet

Frgure /8 .- Compuied orag coeffrcients.




-

Gross we/gh? , pounds

Figure |7~ Weights.

=
5
Q
/5000 b
L =
. abihy furnishings __ 2
- =
e
/2,000 — - g
3 T
3 P /
} Sooo _
™~ N d
X |/
S / [E/ecfrfca/ egupmen Cabin
- ¥ q000 | Sur face) conprolsl= Supercharying
/ ,-—-———'—""‘-:_S__-ﬁv—— egupment
——— —;W,_-—:-:‘;;_-'-_’;-"“E::'::ﬂ__-'__
e e - - Hydmuhe
o — V _l R rSiry
© 700000 806000 4200000

NATIONAL ADVISORY
COMMITTEE FOO AERONAUTICS

T8



I

40 x/0%

~ b\
> o

Fuselage weight, POUNAS
6N

"
Py
gad
T
=
/00 SO0 /000 3000x /03

Gross weigh7, pounds  NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Frgurel8-. Fuselage weight.

é8

L4L%T "ON NI VOVN



NACA TN No. 1477 83

6000¢
Light -blage /
| counferroiaring /
3000 : Lropellers.
3 /

| /

HF , poun
INY

S
Q
S
N

Propeller wesg
N

1
)
N

| Four -blacke
/ counrerrorar/ing
prope//éro'

200 /

K3 /0 20 - 40
Propeller dramefer ,reer

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure /9.~ Propeller welghl.




84 NACA TN No. 1477

oo} —
——
ESS NN
SSSSS 7
ANNSSNN NEE
BSOS a
o AN 3

3
//
/

Correcton Factor
3

3

N\
.65'E \ 1
(o) /0 R0 F0 50 80 xr0°

NATIONAL ADVISORY
Altifude, 7eet  couurrree For AeroNAUTICS.
Figure 20~ Correction factor for acceleratron - |n clhmb
at constant /ndicated arrspeed. :




